Background: Alcohol hangovers have been found to be a common and costly consequence of alcohol misuse. However, there is only limited psychometric support for instruments to accurately measure hangovers beyond the college-age years. This study investigated the psychometric properties of the Hangover Symptom Scale (HSS) and the Hangover Symptom Scale-Short Form (HSS-5) including the internal consistency, convergent and discriminant validity, construct validity, and the measurement invariance of these scales between light and heavy drinkers, individuals with a positive and negative family history of alcohol use disorder (AUD), and men and women in a post-college-aged sample. The association of the HSS and HSS-5 with alcohol use problems was also tested.
A LCOHOL-INDUCED HANGOVERS CONSIST of symptoms such as headache, fatigue, lightheadedness, dehydration, anxiety, agitation, and low mood that appear after a bout of heavy drinking when the drinker's blood alcohol concentration returns to 0.00 (Stephens et al., 2008; Verster et al., 2010) . Hangovers represent the most commonly experienced negative consequence of alcohol misuse (Verster et al., 2009 ) with over 75% of adults reporting experiencing at least 1 hangover in their lifetime (Harburg et al., 1993) . In terms of societal impact, hangovers are estimated to account for an annual $148 billion USD in economic costs, mainly related to academic and workplace absenteeism and poor work performance (Ames et al., 1997; Pidd et al., 2006; Ragland et al., 2002; Stephens and Verster, 2010; Stockwell, 1998) . Historically, the measurement of hangover in clinical research was hampered by a lack of instruments with demonstrated strong psychometric properties (Batty et al., 2006; Karlsson and Romelsjo, 1997; Kauhanen et al., 1997; Maney et al., 2002; Piasecki et al., 2005; Poikolainen, 1983) . However, recent work has begun to better operationalize hangovers by conducting experiments to validate measures by investigating hangover symptoms the day after heavy drinking episodes (Jackson, 2008; Penning et al., 2013; Piasecki et al., 2010; Robertson et al., 2012) and after laboratory-induced hangovers (Rohsenow et al., 2007 ) as compared to non-and/or light-drinking days.
In accordance with the Alcohol Research Group's recommendations for sound hangover research , several scales have been created to measure the frequency and severity of hangover symptoms. The Acute Hangover Scale (Rohsenow et al., 2007) and the Alcohol Hangover Severity Scale (Penning et al., 2013) were both tested and validated using pre-and postdrinking survey and laboratory-induced hangover designs. The Hangover Symptom Scale (HSS; Slutske et al., 2003) , a third measure that measures the frequency and severity of experienced hangovers, was one of the first multi-item scales developed to assess hangovers. The HSS retrospectively assesses past year and lifetime frequency of typical symptoms of hangover based on participants' recollection of the feelings experienced on mornings after drinking. Items include headache, tiredness, difficulty sleeping, nausea, extreme thirst or dehydration, vomiting, trembling and shaking, difficulty concentrating, anxiety, weakness, depression, sweating, and light and sound sensitivity. The HSS has shown initial psychometric support in terms of internal consistency reliability (Cronbach's as range = 0.80 to 0.86), item-scale correlations (rs = 0.35 to 0.68), and predictive validity (Jackson, 2008; Piasecki et al., 2010 Piasecki et al., , 2017 Robertson et al., 2012) and has been associated with alcohol use problems, even after controlling for the quantity of alcohol consumed and the frequency of becoming intoxicated (Penning et al., 2013; Piasecki et al., 2010; Robertson et al., 2012; Slutske et al., 2003) .
While the HSS is one of the most widely used hangover scales and is recommended when the retrospective assessment of hangovers is of interest (Stephens et al., 2014) , its use would be enhanced by further evaluation of its psychometric properties in independent and novel populations. One limitation is that construct validity of the HSS using confirmatory factor analysis (CFA) has not been demonstrated. Such support would provide further evidence that the HSS accurately measures the hangover construct rather than being a face valid measure that only appears to assess for hangover symptoms (Cronbach and Meehl, 1955; DeVellis, 2016) . A second limitation is that relatively few studies have used the HSS with non-college-aged samples. One study followed 20-to 25-year-olds (M = 22.4) and found past-year hangover scores to remain relatively stable from baseline to year 1 (Piasecki et al., 2017) . To our knowledge, no other studies have used the HSS to assess past-year hangover frequency in non-college-aged samples. As such, there is a need for psychometric support of this measure in this older emerging adult population. Last, despite studies showing differences in hangover symptoms between men and women (Piasecki et al., , 2017 Robertson et al., 2012; Slutske et al., 2003) and individuals with and without a positive family history of alcohol use disorder (AUD; Slutske et al., 2003; Piasecki et al., 2010; Robertson et al., 2012) , no studies on the HSS have investigated its measurement invariance (i.e., determining whether the number and meaning of the construct(s) being measured is the same between these groups). Tests of measurement invariance are important as they show that individuals in comparison groups are conceptualizing the construct in the same way and that the strength of the relationship between items on a scale and the construct are the same. Although not often tested, measurement invariance is a requirement when investigating differences in means across groups (Hoyle and Smith, 1994) , as variance in measurement across comparison groups could lead to misleading results.
Finally, the length of the 13-item HSS may also be an issue when brevity and timeliness of test administration is of concern, as in epidemiological research or with computerized and mobile phone assessment methods. To address this issue, a Hangover Symptom Scale-Short Form with 5 items (HSS-5) was developed and tested (Slutske et al., 2003) . Items of the HSS-5, including headache, tiredness, nausea, difficulty concentrating, and weakness, were chosen from a principal component analysis, showing they were the best indicators of the hangover construct. A review of the literature also shows that these 5 symptoms appear after drinking episodes and are not due to intoxication (i.e., sleep disturbance, vomiting) or withdrawal (trembling and shaking, light and sound sensitivity; for review, see Prat et al., 2009 ), suggesting that they may be more purely assessing hangover symptoms. The internal consistency of this shortened scale was strong (a = 0.79), the item-scale correlations for the 5 items ranged from 0.53 to 0.62, and the pattern of correlations between the HSS-5 and alcohol-related problems were reportedly almost identical to those with the full version (Slutske et al., 2003) . Additional studies have validated the HSS-5 for hangover frequency and severity (Jackson, 2008; Jackson et al., 2013; Piasecki et al., 2010 Piasecki et al., , 2017 . These findings suggest that the HSS-5 is not only a viable, but potentially desirable measure of hangover symptoms. Additional psychometric support for the HSS-5 could enable greater use of this abbreviated scale.
Thus, the goal of this study was to follow the Alcohol Research Group's recommendation by further examining the psychometric properties of the HSS and HSS-5 in young adults beyond the college-age years to extend the utility of these measures. Four main research questions guided this study: (i) Does CFA support the hangover construct as measured by the HSS and HSS-5 in young adults beyond college-age years? (ii) Do scale scores supported by the CFA have strong internal consistency reliability and convergent and discriminant validity? (iii) Are the HSS and HSS-5 associated with alcohol use problems? (iv) Does the factor structure supported by the CFA show invariance between heavy and light drinkers, men and women, and individuals with and without a family history of AUD?
MATERIALS AND METHODS

Participants
The sample consisted of 294 nonalcoholic light (n = 86) and heavy (n = 208) social drinkers enrolled in the Chicago Social Drinking Project between March 2004 and October 2011. Heavy drinkers included persons who consumed at least 10 but no more than 40 standard alcoholic drinks per week and engaged in regular binge drinking (e.g., binge drinking on 1 to 5 times per week, on average, as their predominant adult pattern). Light drinkers were persons who consumed at least 1 but no more than 5 standard alcoholic drinks per week and engaged in no or rare binge drinking, which typically occurred while in college. Eligibility for participation was assessed using the alcohol and other substance dependence modules of the Structured Clinical Interview for DSM-IV-nonpatient version (SCID-IV; First et al., 1995) and the Timeline Follow Back (Sobell and Sobell, 1992) . Individuals with past or current major medical or psychiatric conditions including alcohol or other substance dependence were excluded from the study.
Procedure
As part of the larger Chicago Social Drinking Project (King et al., 2011) , participants completed a take-home packet of surveys, including the HSS. The study was fully approved by the University of Chicago Institutional Review Board.
Measures
Hangover Symptom Scale (Slutske et al., 2003) . The HSS is a 13-item Likert-type scale that assesses the frequency of experiencing hangover symptoms over the past year the morning after drinking alcohol ( As stated earlier, the 13 items include headache, tiredness, difficulty sleeping, nausea, extreme thirst/dehydration, vomiting, trembling/shaking, difficulty concentrating, anxiety, weakness, depression, sweating, and light/sound sensitivity. Scores range from 0 to 52. For the HSS-5, 5 items from the HSS (headache, tiredness, nausea, difficulty concentrating, and weakness) were scored in an identical fashion to the HSS, with scores ranging from 0 to 20. The HSS was chosen; it was the only valid and reliable scale of hangover at the start of the Chicago Social Drinking Project (e.g., 2004).
Quantity Frequency Interview (Cahalan, 1969) . The Quantity Frequency Interview (QFI) assesses subjects' reported consumption of wine, beer, and liquor over the previous 6 months. Standardized drinks were as follows: beer = 12 oz, liquor = 1.5 oz, and wine = 5 oz. These standardized drinks were then converted to ounces of 100% ethanol consumed per day. This measure has been found to be a reliable and valid assessment of quantity and frequency of alcohol consumption (Cahalan, 1969) .
Alcohol Use Disorder Identification Test (Saunders et al., 1993) . The Alcohol Use Disorder Identification Test (AUDIT) is a Likert-type scale that screens for hazardous or harmful drinking. Scores range from 0 to 40 with scores ≥8 denoting probable hazardous drinking. The AUDIT has been found to be a reliable measure in determining individuals with hazardous drinking patterns (Barry and Fleming, 1993; Saunders et al., 1993,) .
Drinker Inventory of Consequences-Recent Consequences Form (Miller et al., 1995) . The Drinker Inventory of ConsequencesRecent Consequences Form (DrInC-2R) is a 45-item Likert-type scale that assesses for the frequency of experienced negative drinking consequences over the past 3 months with scores ranging from 0 to 80. This measure assesses consequences related to drinking in the following domains: physical (physical health harmed by drinking), interpersonal (family or friends complain about my drinking), intrapersonal (felt bad about myself because of my drinking), impulse control (driven a motor vehicle after 3+ drinks), and social responsibility (I have gotten in trouble because of drinking). The measure has been found to be a valid and reliable instrument for assessing alcohol use problems (Cisler and Zweben, 1999; Miller et al., 1995) . (First et al., 2002) . The SCID-IV is a structured clinical interview that assesses the diagnostic criteria for lifetime DSM-IV alcohol abuse and dependence. Subjects' symptoms rating could be coded as 1 (no evidence of symptom), 2 (symptom met at subthreshold level), or 3 (symptom completely met). A past "heaviest drinking year" AUD symptom count, as defined by DSM-5, was calculated by adding up all symptoms that were met completely (i.e., all symptoms rated as a 3) with AUD symptom counts ranging from 0 to 11. This method was chosen to align with the codification system of the DSM-5 that emphasizes that AUD occurs on a continuum. The DSM-IV criteria are similar to those in the DSM-5 with the exception of the item on alcohol-related legal problems that was dropped in the DSM-5, and the inclusion of a craving item that had not yet been developed (American Psychiatric Association, 2013; Hasin et al., 2013) . These SCID-IV modules have been found to be reliable and valid assessment of AUDs (First et al., 2002; Kidorf et al., 1998) .
SCID-IV
Family History-Research Diagnostic Criteria (Andreasen et al., 1977) . The Family History-Research Diagnostic Criteria (FH-RDC) is a 2-generational biological family history tree measure used to assess family history of AUD. The participant is asked to indicate which family members had alcohol use problems. Potential family members included the participant's paternal and maternal grandparents, aunts, and uncles and the participant's parents and siblings. Follow-up questions concerning the specific type of problems related to alcohol use (e.g., legal, health, marital/family, occupational, other [e.g., fighting, losing friends], and receiving treatment) were asked about all family members who were identified as having alcohol problems. Family-history-positive (42%) participants were defined as those reporting at least 1 primary biological relative or at least 2 secondary biological relatives with AUD; family-history-negative (36%) participants had no AUD in biological relatives within the past 2 generations. Participants who were unable to provide sufficient information to be categorized as either positive or negative were grouped as family history unknown (22%). Family history unknown data were used in all analyses except the measurement invariance testing between individuals with and without a family history of AUD. The FH-RDC has been found to be a reliable and valid measure for assessing family history of AUD (Andreasen et al., 1977) .
Data Analytic Strategy
The underlying factor structure of the HSS and HSS-5 was tested using CFA with maximum-likelihood estimator in Mplus Version 8.0 (Muth en and Muth en, 1998-2017) . Following the recommendation of Hu and Bentler (1998) , fit indices used included the comparative fit index (CFI) and standardized root mean square residual (SRMR). A CFI = 0.90 or greater and a SRMR < 0.10 were used as indicators of acceptable fit, and a CFI > 0.95 and a SRMR < 0.08 were used to indicate good fit (Hu and Bentler, 1998) .
Next, scale scores were calculated using the items supported in the CFA, and Cronbach's alphas were calculated in SPSS 24.0 (IBM Corporation, 2016) . A Cronbach's alpha above 0.70 is considered adequate internal consistency reliability (DeVellis, 2016), which is a necessary, but not sufficient, indicator of a unidimensional construct (Streiner, 2003; Tavakol and Dennick, 2011) . Convergent validity was examined by correlating a single item from the DrInC-2R that assesses hangover directly (e.g., "I have had a hangover or felt bad after drinking") with the HSS and HSS-5 total scores. In addition, 5 items from the DrInC-2R that appeared to assess physical symptoms of hangover (e.g., "Because of my drinking, I have not eaten properly" and "I have had a hangover or felt bad after drinking"), and possible hangover consequences (e.g., "I have missed days of school or work because of drinking"; "The quality of my work has suffered because of my drinking"; and "I have failed to do what is expected of me because of my drinking") were combined into a scale score and regressed on the HSS and HSS-5, separately, while controlling for the quantity and frequency of alcohol use. Convergent validity, evidenced by a correlation or beta equal or >0.45, determines whether the construct in question is highly correlated with a related construct (DeVon et al., 2007) . Last, discriminant validity was investigated by regressing the interpersonal, intrapersonal, and impulse control subfactors, which did not include any items of the hangover-related items used in the previous analyses, on HSS and HSS-5, separately. Discriminant validity, evidenced by a correlation or beta <0.45, determines whether the construct is poorly correlated with an unrelated construct (DeVon et al., 2007) .
The association between the HSS hangover constructs and the alcohol use problem variables (e.g., AUDIT total score, DrInC-2R total score [minus hangover items used in the previous analyses], SCID-AUD symptom count) was tested using 6 linear regression models. Next structural equation modeling (SEM) was used to test the associations between latent hangover (HSS and HSS-5) and a latent alcohol use problems construct. In these models, a latent alcohol use problem construct comprising the total scores from the AUDIT, DrInC-2R (minus hangover items used in previous analyses), and SCID-AUD symptom count was regressed on the HSS and HSS-5 hangover construct separately while controlling for the frequency and quantity of alcohol use by using the QFI manifest variable. The latent hangover constructs comprised the 13 and 5 items of the HSS and HSS-5, respectively.
To examine the invariance of factor structure for drinking group, sex, and family history, SEM was used following the procedures discussed by Byrne (2012) and Vandenberg and Lance (2000) . According to this method, a sequential pattern of more restrictive models is compared. A test of configural invariance (i.e., same basic factor structure across groups with no constraints across item loadings, intercepts, or residual variances) was first tested. The test of configural invariance determines whether the hangover construct was conceptualized in the same way in both groups. Next, tests of metric invariance (i.e., item loadings constrained, but intercepts and residual variances allowed to vary) and scalar invariance (i.e., item loadings and intercepts constrained, but residual variances allowed to vary) were run. Metric invariance indicates that the strength of the relationship between each item and the hangover construct is similar in both groups being tested. Scalar invariance indicates that individuals in each group would score the same on the hangover construct regardless of group membership. Improvement in fit between the unconstrained and constrained models was tested for statistical significance by computing the differences in chi-square (v 2 ) and degrees of freedom from the 2 models being compared. A nonsignificant v 2 difference test indicates no significant improvement in the more restrictive, constrained model, suggesting invariance of measurement at the level tested.
RESULTS
Descriptive Statistics
The sample was 58% male with an age range between 21 and 35 years (mean 25.6 AE 3.0 SD years). The majority of the sample was between 23 and 29 years of age (n = 212; 72%), 9% (n = 25) were between 30 and 35 years of age, and 19% (n = 57) were between 21 and 22 years of age. Racial breakdown of the sample was as follows: 77% Caucasian, 11% African American, 6% Asian American, <1% American Indian/ Alaskan Native, and 6% multiracial. In terms of ethnic composition, 9% of participants identified as Hispanic/Latino.
Comparisons of light and heavy drinkers showed they did not differ on any of these demographic characteristics (ps = ns), with the exception of age (26.08 AE 3.41 for light drinkers vs. 25.08 AE 2.69 for heavy drinkers; p = 0.02). As expected, heavy drinkers had higher HSS and HSS-5 scores relative to light drinkers (HSS: 11.6 AE 6.2 for heavy drinkers vs. 5.4 AE 5.7 for light drinkers; HSS-5: 5.8 AE 3.2 vs. 3.0 AE 3.3, respectively; ps < 0.001).
Endorsement of the HSS items ranged from 21 to 89% (see Table 1 ). Investigation of the correlations among the entire sample showed a significant correlation between the HSS and HSS-5 (r = 0.93, p < 0.001). Additionally, the HSS and HSS-5 were each correlated with all of the alcoholrelated variables (see Table 2 ). The correlations for all of the demographic, hangover, and alcohol-related measures are provided in Table 2 .
Confirmatory Factor Analysis
Hangover Symptom Scale. The results of the CFA of the HSS for the full sample did not support a 1-factor model. Although the SRMR of 0.05 suggested adequate fit, the CFI of 0.88 indicated inadequate fit of the 1-factor model to the data. Further, as shown in Fig. 1 , nearly half of the HSS items had weak standardized loadings, that is, below 0.60 (Guadagnoli and Velicer, 1988) . In spite of the less than adequate fit of the model, Cronbach's alpha was calculated and was found to be strong (a = 0.87).
Hangover Symptom Scale-Short Form. The results of the CFA of the HSS-5 for the full sample supported a 1-factor model. The SRMR of 0.02 and the CFI of 0.99 both indicated excellent fit of the 1-factor model to the data. Further, as shown in Fig. 2 , the factor loadings for all items were >0.60, which further suggests good model fit. Cronbach's alpha was calculated with these 5 items, and the internal consistency of the HSS-5 was found to be strong (a = 0.83).
Convergent and Discriminant Validity
Hangover Symptom Scale. Supporting the convergent validity of the HSS, a significant correlation was found 
Association Between Hangover and Alcohol Use Problems
Hangover Symptom Scale. The linear regression analyses showed the HSS was significantly associated with AUDIT (b = 0.48, p < 0.001), DrInC-2R (b = 0.51, p < 0.001), and SCID-AUD symptom count (b = 0.44, p < 0.001). Next, SEM to test a full model including both alcohol use and hangover experiences predicting alcohol use problems showed mixed results with a SRMR of 0.07 indicating good fit, but a CFI of 0.89 indicating poor fit. Despite the mixed model fit results, significant effects were found for both the hangover construct (b = 0.52, p < 0.001) and the QFI (b = 0.59, p < 0.001) on the alcohol use problem construct.
Hangover Symptom Scale-Short Form. The linear regressions showed the HSS-5 was also significantly associated with AUDIT (b = 0.43, p < 0.001), DrInC-2R (b = 0.47, p < 0.001), and SCID-AUD symptom count (b = 0.39, p < 0.001). The SEM testing a full model including both alcohol use and hangover experiences predicting alcohol use problems showed good model fit (SRMR = 0.07, CFI = 0.97) and significant effects for the hangover construct and QFI on alcohol use problem construct (see Fig. 3 ).
Tests of Invariance
Hangover Symptom Scale. Results did not support measurement invariance for the HSS for drinking group, sex, or family history of AUD. Specifically, the SRMR showed adequate fit for the configural model for drinking history, sex, and family history of AUD, but the CFI indicated poor fit (see Table 3 ). As configural invariance is a necessary condition for further tests of invariance, tests of metric and scalar invariance were not conducted (Vandenberg and Lance, 2000) .
Hangover Symptom Scale-Short Form. In contrast, for the HSS-5, results supported full invariance of measurement for drinking group and family history of AUD as evidenced by good fit of the configural, metric, and scalar models and nonsignificant v 2 difference tests between the most and least restrictive models (see Table 3 ). With regard to sex, there was support for partial measurement invariance with the configural and metric models showing good fit to the data (Table 3) ; however, the comparison of the metric model to the configural model resulted in a significant v 2 difference test (Dv 2 [df] = 10.80 [4], p = 0.02), suggesting that at least 1 item loading was not equivalent between men and women. A closer examination of the loadings showed that the difficulty concentrating item displayed the greatest item loading difference between men and women, and the constraint on this item was relaxed. The fit indices for the metric model with the 1 item allowed to vary indicated close fit, and a comparison of this modified metric model and the configural model 
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À0.07 0.53*** 0.15*** 0.54*** 0.50*** 0.47*** 0.65*** -9. SCID À0.08 0.54*** 0.11* 0.44*** 0.39*** 0.43*** 0.65*** 0.65*** ***p < 0.01, **p < 0.05, *p < 0.10. Sex coded as follows: 1 = male and 2 = female. Group = drinking group. Group coded as follows: 1 = light drinkers and 2 = heavy drinkers. resulted in a nonsignificant v 2 difference test (see Table 3 ), indicating partial metric invariance. The scalar model, with the difficulty concentrating item loading allowed to vary between men and women, showed acceptable fit to the data (see Table 3 ). The comparison of the scalar model with the modified metric model also resulted in a nonsignificant significant v 2 difference test (see Table 3 ). These results show that the HSS-5 is partially invariant between men and women, indicating that any differences in scores between men and women could be attributed to either differences in the hangover construct or the difference in the way the difficulty concentrating item is related to the hangover construct between men and women.
DISCUSSION
As the prevalence and consequences of heavy drinking continues well past college ages (i.e., 18 to 22 years; Center for Behavioral Health Statistics and Quality, 2016; Merline et al., 2004; Perkins, 1999) , we sought to conduct an independent test of the psychometric properties of the HSS, as well as the shorter HSS-5, in post-college-aged drinkers. Consistent with previous research, we found strong internal consistency among the HSS items, convergent validity through the HSS's association with hangover-related items of other alcohol use problem scales, and an association between the HSS and alcohol use problems (Penning et al., 2013; Robertson et al., 2012; Slutske et al., 2003) . Discriminant validity was also found with associations less than the 0.45 criterion between the HSS and alcohol-related interpersonal, intrapersonal, and impulse control problems, as compared with hangover-related items. However, the HSS did not demonstrate an underlying factor structure that supported a single hangover construct. In addition, the HSS did not show invariance across drinking group, sex, or family history of AUD. Thus, evidence of construct validity was weak. In contrast, the shorter HSS-5 showed strong psychometric properties including internal consistency and strong construct validity. Specifically, the HSS-5 demonstrated convergent and discriminant validity and an underlying factor structure that supported a single hangover construct with full measurement invariance across drinking group and family history of AUD. Only partial measurement invariance across sex was found for the HSS-5.
It is unclear why the full HSS did not show support for stronger construct validity: Despite showing convergent and discriminant validity, 3 items of the HSS with the lowest factor loadings were sweating, difficulty sleeping, and vomiting, which are all symptoms in the DSM-IV and DSM-5's description of alcohol withdrawal. As hangover and .41
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.62 withdrawal represent different constructs and physiological consequences of heavy drinking, these particular items may be assessing a withdrawal subfactor as opposed to an overall hangover factor (for review, see Prat et al., 2009) . Further, as withdrawal and hangover are both consequences of alcohol over consumption, they both should be strongly related to hangover-related outcomes (i.e., high correlation between hangover items of DrInC-2R), but should not fit the theoretical construct of a hangover. This is consistent with findings in the original psychometric study on the HSS (Slutske et al., 2003) that found 2 eigenvalues above 1.0, which indicates the presence of 2 possible factors. However, a 1-factor model was chosen rather than a 2-factor model as the second factor accounted for a small amount of variance and relatively low endorsement of the 5 items that constituted the second factor (Slutske et al., 2003) . As the original psychometric study (Slutske et al., 2003) consisted primarily of college-aged drinkers (i.e., 18 to 22 years) who rarely show alcohol withdrawal (Knight et al., 2002) , there may have been too infrequent of endorsement of such items to warrant a withdrawal subfactor. College drinking environments can promote atmospheres for heavy binge drinking which can induce symptoms such as vomiting (i.e., drinking games, fraternity/sorority pledging, learning personal drinking limits), but the other demands of college may not be conducive to the style of drinking necessary for physical dependence. In the current study, all HSS items, with exception of vomiting, were endorsed at a commensurate or greater rate than the Slutske and colleagues (2003) study and numerous items also did not load strongly onto the hangover construct. Continued research of hangover in heavier drinking and older samples may enable more in-depth examination of the possibility of multiple subfactors within the HSS.
To our knowledge, this study represents the first to use CFA in supporting the factor structure and measurement invariance of the HSS-5. Specifically, invariance across drinking group and family history of AUD indicated that any differences in hangover scores between light and heavy drinkers or individuals with and without a family history of AUD were solely due to differences in the hangover construct (i.e., differences in HSS-5 scores were due to differences in the frequency of experiencing hangover as opposed .68 to group differences in the interpretation of the hangover items). Partial measurement invariance for sex suggested that differences in hangover scores are likely due to differences in the hangover construct, but may also be due to the fact that difficulty concentrating was a stronger indicator of hangover for women versus men in the current sample. Overall, the study results provide support for the use of the HSS-5, a more parsimonious measure than the HSS, in post-collegeaged drinkers.
There were several strengths to this study, including the diversity of the sample with regard to drinking history and family history of AUD, and a moderate-to-large sample size which allowed us to test the factor structure and measurement invariance. However, several limitations are worth noting to guide further research. First, outside the HSS, no other psychometrically sound hangover surveys were employed so tests of criterion-related validity could not be conducted. Second, the sample included individuals in their 20s and 30s so while findings extend those in college-aged samples, they may not generalize to middle-aged and older populations. Third, we used symptom count for DSM-IV criteria as this study originated prior to the development of the DSM-5. While symptom count pertains to DSM-5 AUD classifications, we do not feel that symptom count of DSM-IV abuse and dependence criteria are markedly different as 10 of the 11 DSM-IV items match the DSM-5. Finally, as participants were non-alcohol-dependent, it is not possible to generalize the findings to individuals with more severe drinking patterns and those with a severe AUD. Future studies will need to investigate the psychometric properties of the HSS and HSS-5 in older individuals and those with severe AUD to determine whether the psychometric properties outlined in this study generalize to those subpopulations.
In sum, the current study provides psychometric support for the HSS-5 in post-college-aged drinkers as the scale showed good internal consistency reliability, construct validity, convergent and discriminant validity, and measurement invariance across 3 different participant subgroups (sex, drinking history, and family history). Consistent with the guidelines developed for hangover research , this study provides further evidence for the use of HSS-5 as a hangover measurement tool and extends its use for measuring hangover in post-college-age drinkers and for measuring differences between men and women, light and heavy drinkers, and family history of AUD-positive and AUD-negative individuals. Future studies should continue to investigate the underlying factor structure of the HSS and the possibility of a withdrawal subfactor. Additionally, researchers will need to replicate our findings to further strengthen the psychometric support of the HSS-5. ; CFI = comparative fit index; SRMR = standardized root mean square residual; HSS = Hangover Symptom Scale; HSS-5 = Hangover Symptom Scale-Short Form.
